The continuous increase in the production of metals and their subsequent release into the environment has lead to increased concentration of these elements in agricultural soils. Because microbes are involved in almost every chemical transformations taking place in the soil, considerable attention has been given to assessing their responses to metal contaminants. Short-term and long-term exposures to toxic metals have been shown to reduce microbial diversity, biomass and activities in the soil. Several studies show that microbial parameters like basal respiration, metabolic quotient, and enzymatic activities, including those of oxidoreductases and those involved in the cycle of C, N, P and other elements, exhibit sensitivity to soil metal concentrations. These have been therefore, regarded as good indices for assessing the impact of metal contaminants to the soil. Metal contamination has also been extensively shown to decrease species diversity and cause shifts in microbial community structure. Biochemical and molecular techniques that are currently being employed to detect these changes are continuously challenged by several limiting factors, although showing some degree of sensitivity and efficiency. Variations and inconsistencies in the responses of bioindicators to metal stress in the soil can also be explained by differences in bioavailability of the metal to the microorganisms. This, in turn, is influenced by soil characteristics such as CEC, pH, soil particles and other factors. Therefore, aside from selecting the appropriate techniques to better understand microbial responses to metals, it is also important to understand the prevalent environmental conditions that interplay to bring about observed changes in any given soil parameter.
Introduction
The capacity of an agricultural area to sustain its productivity relies heavily on the quality of the soil. The soil is a complex medium of minerals, organic solids, aqueous and gaseous components and plays host to a dynamic array of chemical and biological processes essential to the cycle of elements on earth (Alloway, 1995; Oliveira and Pampulha, 2006) . By its nature alone, the soil is readily susceptible to influences from physico-chemical factors, biological factors and extraneous factors, such as pollutants. The continuous increase in the production of metals and their subsequent release into the environment has lead to increased concentration of these elements in the soil. Great concern about the presence of these contaminants in the soil is due to their manifold toxicity, which is not only seen in their influence on physico-chemical conditions, but also on the loss of soil microbial diversity and functions leading to reduced soil quality, not to undermine the toxicity posed to plants, animals and humans.
The main metal elements that are known to be toxic pollutants are: cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), and zinc (Zn). In addition, the metalloid arsenic (As), has also gained notoriety due to its high occurrence in the environment and toxicity to humans. These elements Article normally occur at very low concentrations in the soil and plants, and some have known biological roles thus, are also referred to as micronutrients (Lacatusu et al., 2008) . Examples are Co, Cr, Cu, Mn, Mo and Zn, which are essential in small but critical concentrations for normal healthy growth of organisms but are toxic at high concentrations (Alloway, 1995) . Metals such as silver (Ag), aluminum (Al), arsenic (As), cadmium (Cd), gold (Au), lead (Pb) and mercury (Hg), do not have any biological functions and are potentially toxic even in low concentrations (Bruins et al., 2000) . When present in higher, potentially toxic concentrations, these elements are often given the term heavy metals.
Metal and Metalloid Contamination of Agricultural Soils
Sources of metals in the soil may be from natural processes, such as weathering of parent rocks and pedogenesis, making them ubiquitous in soil parent material. However, anthropogenic activities have greatly increased their concentration in the soil and environment (and in many cases) beyond allowable threshold limits. The major anthropogenic source of contamination in the soil are related to industrialization and agricultural activities, which includes mining and smelting, waste disposal, waste incineration, traffic emission, urban effluents, fertilizer and long-term wastewater application in agricultural lands (Qishlaqi et al., 2008) . These elements do not decay with time. Furthermore, only very low concentrations of these are lost from leaching and plant uptake, allowing them to accumulate slowly in the soil profile over long periods of time (Nicholson, et al., 2003) . This can have long term effects on the quality of agricultural soils, in addition to their toxicity to plants, microbial processes in the soil, animals that inhabit or graze on the land and humans whose diet depends on agricultural products. The common metals and metalloids that affect agricultural soils are discussed in the following section.
The magnitude of the effect of metals and metalloid toxicity can be seen in the arsenic pollution of the groundwater in Bangladesh, where over 35 million people have been affected. It was estimated that as high as 10 kg ha -1 yr -1 is cycled through irrigated water and deposited on the soil surface, where about 83 mg As kg -1
accumulates (Islam et al., 2006) . Arsenite is broadly toxic, binding to sulfhydryl groups, impairing the function of proteins. Metallo-organic forms of As may be much more bioavailable than inorganic forms; however, organic-bound arsenic is excreted by most species and does not appear to be highly toxic. Cadmium is a rare metal with no known biological function. In the soil, the level is normally low to very low at 0.1-0.5 mg kg -1 (Baker and Tracy, 2008) . In agricultural soils, the concentration rarely goes beyond 10 µg L -1 in solutions. However, environmental pollution by this metal has increased in the recent decades due to industrial use. Common sources of soil contamination are from mining and smelting of Pb and Zn, phosphatic fertilizers, metallurgic industries, waste disposal (e.g. incineration of plastic containers and batteries), sewage sludge application to land, and burning of fossil fuel (Alloway, 1995) . Toxicity of Cd has been linked to its strong affinity for cysteine residues and phosphate groups, which could lead to protein denaturation. It is also believed to generate reactive oxygen species and DNA strand breaks (Benavides et al., 2005) .
Copper is an essential trace element that is also applied as a fungicide, algaecide, molluscicide and for control of crustaceans. In living organisms, it is required for the functioning of at least 30 redox enzymes and dioxygen carriers, involved in biological processes.
The range of Cu concentration in soil was reported to be 2 to 100 mg kg -1 with selected average of 20 mg kg -1 (Alloway, 1995) . Soils have become contaminated with Cu by deposition of dust from local sources such as foundries and smelters, as well as from direct application of fungicides and sewage sludge. Total Cu concentration in the solution of surface soils is normally only 0.01 to 0.6 µM because of high affinity for sorption by organic and inorganic colloids (Shorrocks and Alloway, 1985) . Copper toxicity has been associated to its redox properties. Extremely reactive hydroxyl radicals can be detrimental to cellular molecules by causing oxidation of proteins and lipids (Yoshida et al., 1993) . Copper can also lead to sulfhydryl (e.g. cystein and glutathione) depletion in a reaction that further leads to H 2 O 2 generation. Alternatively, Cu can also competitively or nonspecifically bind to Zn or other metal binding sites in proteins, lipids and nucleic acids (Magnani and Solioz, 2007) . This toxic effect has been utilized in agriculture for control of bacterial and fungal diseases. The major sources of lead in soil are mining and
